This paper describes work carried out to fabricate and to assess the fibre orientation in 11 PLA reinforced by aligned discontinuous harakeke and hemp fibre mats produced using a 12 dynamic sheet former (DSF). These mats were combined with PLA sheets to make 13 composites with fibre contents of 5 -40 wt% using a hot press. It was found that the fibre 14 orientation factors (Kɵ) for both harakeke and hemp fibre composites were higher than 15 those values seen in the literature for composites prepared using injection moulding and 16 hot pressed using randomly oriented fibre mats, but slightly lower than the highest values 17 obtained with aligned fibre nonwoven preform composites utilising more processing 18 stages. The highest Kɵ values for harakeke and hemp fibres in this work were found to be 19 0.58 and 0.44 respectively. Kɵ decreased, reflecting increased fibre misalignment as fibre 20 content increased, believed to be due to fibre agglomeration and the higher pressure 21 required during processing. 
in the fibres of length equal to or shorter than Lε at a particular strain according to the 1 Bowyer-Bader model is given by: 2 =
and for the fibres longer than Lε is given by: 3
giving the overall composite stress at any strain level as: 4
where Em is the Young's modulus of the matrix, σε is the composite stress at a particular 5 strain, Vi and Vj are the volume fractions of the subcritical and supercritical fibre lengths, 6 respectively, and Li and Lj are the subcritical and supercritical fibre lengths, respectively, in 7 reference to Lε. In order to determine Kɵ and τ, the following steps were employed. Firstly, 8 values of two strains, εc1 and εc2 were selected from tensile stress-strain curve and the 9 corresponding composite stresses σc1 and σc2 were determined. Strength contributions of 10 the matrix (Z) from a tensile test of neat PLA were also determined at the same strain 11 levels. These parameters (σc1, σc2 and Z) were then used to calculate R, the ratio of the fibre 12 load bearing contribution using the following equation: 13
Then, an assumed value of τ was taken and the corresponding values of Lε1 and Lε2 14 calculated using Equation (3). Accordingly, the fibre contribution terms X1, Y1 and X2, Y2 15 were calculated from X and Y (Equation (6)) for the different strain levels respectively, and 16 used to calculate R', the theoretical value of R using the following equation:
The assumed value of τ was adjusted until R′=R and finally used in Equation (6) to obtain a 1 value of Kɵ using strength and failure strain of the composite [21] . 2
EXPERIMENTAL METHODS 3

Materials and Specimens 4
Harakeke fibre treated with 5 wt% sodium hydroxide (NaOH) and 2 wt% sodium sulphite 5 (Na2SO3) and hemp fibre treated with 5 wt% sodium hydroxide (NaOH) were used to 6 produce fibre mats [22] . Nature Works® 3052D injection moulding grade polylactide acid 7 (PLA) with a density of 1250 kg/m 3 from Nature Works LLC, USA was used as a 8 thermoplastic matrix. 9 10 Aligned fibre mats were produced using a Canpa automatic dynamic sheet former (DSF) as 11 shown in Figure 1 . In this study, fibre mats weighing 130 to 140 g/m 2 were produced using 12 approximately 45 g treated discontinuous harakeke or hemp fibre. Firstly, fibre was 13 dispersed in water (approximately 10 litres of water was used to disperse 10 g of fibre) in a 14 mixing drum fitted with a disintegrator. Mats were then produced by spraying a controlled 15 quantity of this low concentration suspension inside a spinning drum containing a porous 16 medium to retain the fibre using a controlled pump and drum spinning speed. 17 The fibre mats were finally rinsed and compacted by allowing the drum to spin for a 21 further 2 to 3 minutes. They were then dried in an oven at 80°C for 24 hours before being 22 cut to size (150mm x 90mm) to enable them to fit in a compression mould. Samples of 1 dried harakeke and hemp fibre mats are shown in Fibre mats and PLA sheets were dried for at least 4 hours at 105°C and 60°C respectively. 6
They were weighed and arranged in a stack (in between Teflon sheets to prevent sticking 7 to mould) with relative numbers of each based on the required fibre weight percentage. 8
Stacks were heated and pressed in a hot press as for PLA samples (at 170°C and pressed 9 for 3 minutes at 3 MPa). After hot pressing, the moulded composite materials were 10 removed from the press and allowed to cool down to room temperature. 11 12
Methods 13
Scanning Electron Microscopy (SEM) 14
SEM was used to observe harakeke and hemp fibres. The observations were conducted 15 using a Hitachi S-4100 field emission scanning electron microscope operated at 3 kV. 16
Fibres were placed on aluminium stubs using double-sided adhesive tape and sputter 17 coated with platinum and palladium to make them conductive. 18 19
Light Microscopy 20
Transverse and longitudinal sections of composite samples were obtained for examination. 21
Moulds were initially wiped with a release agent to facilitate specimen removal and epoxy 22 resin was poured into the mould followed by placement of composite sections. Specimens 23 were demoulded after 24 hours of curing at room temperature and ground and polished 24 using a series of coarse and fine abrasive papers starting from 320 followed by 500, 1000, 25 Prior to tensile testing, all specimens were placed in a conditioning chamber at 23°C ± 3°C 6 and 50% ± 5% relative humidity for at least 48 hours. shown in Figure 11 ; stress can be seen to increase with increasing fibre content as expected 7 from Equation (6). A linear regression line is used to fit the data and shows good 8 agreement with the data. However, it may be observed that at 30 wt% fibre content, the 9 reinforcement efficiency is slightly decreased. 10 found that at low strain levels, Lε is small relative to the (measured) fibre lengths and so 17 most of the length of fibres would be at the value of maximum stress. Therefore, the 18 composite is tending towards behaving as a composite reinforced with continuous fibres 19 [19] . Kɵ and τ and other related parameters obtained for composites at different fibre 20 contents are tabulated in Table 1 . 21 Table 1 22 23 It can be seen from the table that Kɵ for harakeke fibres were higher than for hemp fibres at 24 all fibre contents. Kɵ for both harakeke and hemp fibre composites were higher than values 25 seen in the literature for those composites prepared using injection moulding and hot 1 pressed using randomly oriented fibre mats (0.24 -0.38) [17, 18, 20, 24, 25] From our data, it was also found that the Kɵ obtained was not entirely independent of 21 strain, in contrast with the assumption used in the model [9, 10]; Kɵ generally decreased at 22 higher strain levels closer to composite failure, believed to be due to matrix cracking and 23 fibre debonding as previously mentioned, particularly for hemp fibre composites for which 24 the higher strain used was closer to the composite failure strain (indeed some had failed at 25 13 strains lower than those used in analysis as reflected by a "-" in table) [18] . From Figure  1 12, it is also evident that Kɵ decreased as fibre content increased. A similar trend has also 2 been observed in previous work for injection moulded composites [17, 25, 27] . Reduction 3 in Kɵ for harakeke and hemp composites with fibre contents of more than 30 wt% fibre is 4 more evident, corresponding to a higher potential of fibre misalignment during processing 5 due to fibre agglomeration as seen in Figures 7 and 8 , which would be more likely at 6 higher fibre contents due to fibre-fibre interaction from hydrogen bonding mentioned 7 previously [29] . It should be noted that fibre alignment would also be expected to depend 8 on matrix viscosity during processing, such that polymers with higher viscosity would 9 cause a higher degree of fibre displacement as a result of higher pressure used during 10 processing. 11 12 It can be seen that τ for harakeke was slightly higher than for hemp fibre, except at 20 wt% 3 fibre, which could be related to the greater surface area for harakeke fibre due to smaller 4 fibre diameter (see Figure 4) . A higher τ for harakeke fibre compared to hemp fibre could 5 also be due to a higher degree of surface roughness for harakeke as can be seen in Figure 3 . 6
CONCLUSIONS 7
The alignment of fibres within composites reinforced using fibre mats produced using a 8 DSF has been evaluated. It was found that using a DSF to make fibre mats lead to better 9 fibre alignment compared to that for composites made using injection moulding and 10 composites reinforced with randomly oriented fibre mats. The orientation factors for 11 harakeke and hemp fibre composites were found to be up to 0.58 and 0.44 respectively. 12
Fibre orientation and interfacial shear strength for harakeke and hemp fibre composites 13 were found to be slightly dependent on fibre content, believed to be due to fibre 14 agglomeration and increased pressure within composite materials during processing. 15
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